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CLAIMS 

What is claimed is: 

1. A -light-sensing pixel, having a p type doped region, in a CMOS 
image sensor, comprising: 

a first doped charge collecting region buried within the p type doped 
region and configured to operate as a depleted potential well; 

a first n+ type doped plug extending from near the surface of the 
image sensor to the first charge collecting region; 

a second doped charge collecting region buried within the p type 
doped region, the second charge collecting region vertically separated from the 
first charge collecting region by the p type doped region and configured to operate 
as a depleted potential well; and 

a second n+ type doped plug extending from near the surface of the 
image sensor to the second charge collecting region. 

2. The pixel of claim 1, the first and second charge collecting regions 
further comprising: 

a first extension with n+ type doping coupled to and between the 
first charge collecting region and the first plug, and having a different doping 
concentration than the first charge collecting region; and 
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a second extension with n+ type doping coupled to and between the 
second charge collecting region and the second plug, and having a different 
doping concentration than the second charge collecting region. 

3. The pixel of claim 2 wherein the first and second extensions are 
configured to operate not fully depleted of mobile charge. 

4. The pixel of claim 1 wherein the first n+ type doped plug contacts 
the first charge collecting region in its center. 

5. A light-sensing pixel, having a p type doped region, in a CMOS 
image sensor, comprising: 

a first doped charge collecting region buried within the p type doped 
region and configured to operate as a depleted potential well; 

a first vertical trench transistor extending from near the surface of 
the image sensor to the first charge collecting region; 

a first n+ type doped region located at the surface of the image 
sensor and coupled to the first vertical trench transistor; 

a second doped charge collecting region buried within the p type 
doped region, the second charge collecting region vertically separated from the 
first charge collecting region by the p type doped region and configured to operate 
as a depleted potential well; 
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a second vertical trench transistor extending from near the surface of 
the image sensor to the second charge collecting region; and 

a second n+ type doped region located at the surface of the image 
sensor and coupled to the second vertical trench transistor. 

6. The pixel of claim 5, the first and second charge collecting regions 
further comprising: 

a first extension with n+ type doping coupled to and between the 
first charge collecting region and the first vertical trench transistor, and having a 
different doping concentration than the first charge collecting region; and 

a second extension with n+ type doping coupled to and between the 
second charge collecting region and the second vertical trench transistor, and 
having a different doping concentration than the second charge collecting region. 

7. The pixel of claim 6 wherein the first and second extensions are 
configured to operate not fully depleted of mobile charge. 

8. The pixel of claim 5 wherein the first vertical trench transistor 
contacts the first charge collecting region in its center. 

9. A light-sensing pixel, having a p type doped region, in a CMOS 
image sensor, comprising: 
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a first n+ type doped plug extending from near the surface of the 
image sensor into the p type doped region; 

a first charge collecting region configured to operate as a depleted 
potential well and buried within the p type doped region, having a first end and a 
second end and coupled to the first plug at the first end, and having a first vertical 
slit with a width at the second end, the first vertical slit narrowing towards the first 
end; 

a second n+ type doped plug extending from near the surface of the 
image sensor into the p type doped region; and 

a second charge collecting region configured to operate as a depleted 
potential well and buried within the p type doped region, having a first end and a 
second end and coupled to the first plug at the first end, the second charge 
collecting region vertically separated from the first charge collecting region by the 
p type doped region, and having a second vertical slit with a width at the second 
end, the vertical slit narrowing towards the first end. 

10. The pixel of claim 9, wherein the first charge collecting region has a 
vertical height that is greater than the width of the first vertical slit, and the second 
charge collecting region has a vertical height that is greater than the width of the 
second vertical slit. 
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11. The pixel of claim 9, the first and second charge collecting regions 
further comprising: 

a first extension with n+ type doping coupled to and between the 
first charge collecting region and the first plug, and having a different doping 
concentration than the first charge collecting region; and 

a second extension with n+ type doping coupled to and between the 
second charge collecting region and the second plug, and having a different 
doping concentration than the second charge collecting region. 

12. The pixel of claim 11 wherein the first extension is coupled to the 
first end of the first charge collecting region and the second extension is coupled 
to the first end of the second charge collecting region. 

13. The pixel of claim 11 wherein the first and second extensions are 
configured to operate not fully depleted of mobile charge. 

14. The pixel of claim 9 wherein the first n+ type doped plug contacts 
the first charge collecting region in its center. 

15. A light-sensing pixel, having a p type doped region, in a CMOS 
image sensor, comprising: 



21 



EU975044092US FOV-155 

a first vertical trench transistor extending from near the surface of 
the image sensor into the p type doped region; 

a first doped charge collecting region buried within the p type doped 
region and configured to operate as a depleted potential well, having a first end 
and a second end and coupled to the first vertical trench transistor at the first end, 
and having a first vertical slit with a width at the second end, the first vertical slit 
narrowing towards the first end; 

a first n+ type doped region located at the surface of the image 
sensor and coupled to the first vertical trench transistor; 

a second vertical trench transistor extending from near the surface of 
the image sensor into the p type doped region; 

a second doped charge collecting region buried within the p type 
doped region, the second charge collecting region vertically separated from the 
first charge collecting region by the p type doped region and configured to operate 
as a depleted potential well, having a first end and a second end and coupled to the 
second vertical trench transistor at the first end, and having a first vertical slit with 
a width at the second end, the first vertical slit narrowing towards the first end; and 

a second n+ type doped region located at the surface of the image 
sensor and coupled to the second vertical trench transistor. 

16. The pixel of claim 15, the first and second charge collecting regions 
further comprising: 
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a first extension with n+ type doping coupled to and between the 
first charge collecting region and the first vertical trench transistor, and having a 
different doping concentration than the first charge collecting region; and 

a second extension with n+ type doping coupled to and between the 
second charge collecting region and the second vertical trench transistor, and 
having a different doping concentration than the second charge collecting region. 

17. The pixel of claim 16 wherein the first and second extensions are 
configured to operate not fully depleted of mobile charge. 

18. The pixel of claim 16 wherein the first extension is coupled to the 
first end of the first charge collecting region and the second extension is coupled 
to the first end of the second charge collecting region. 

19. The pixel of claim 15 wherein the first vertical trench transistor 
contacts the first charge collecting region in its center. 

20. A method of collecting charge within a light-sensing pixel having a 
p type doped region in a CMOS image sensor, comprising: 

exposing the pixel to light; 

collecting a first charge within a first fully depleted region buried 
within the p type region; 
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accumulating the charge within a first plug extending from the near 
the surface of the image sensor to the first fully depleted region; and 

reading out the charge as a first output signal from a first circuit 
coupled to the first plug. 

21. The method of claim 20, further comprising: 

collecting a second charge within a second fully depleted region 
buried within the p type region, wherein the second fully depleted region is 
vertically separated from the first fully depleted region; 

accumulating the second charge within a second plug extending 
from the near the surface of the image sensor to the second fully depleted region; 
and 

reading out the second charge as a second output signal from a 
second circuit coupled to the second plug. 
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